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®A3U 31 CTPYKTYPOIO THUITY Fe,P
Y IPSITUKOMIIOHEHTHUX CUCTEMAX
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3HaiizieHo kBiHapHi amomorepmaninn y cucreMax Y—R-Ni-Al-Ge ta Y-Ni-Co-Al-Ge.
CHHTE30BaHO Ta 3a JOINOMOTOK PEHTIeHIBChKOI MOPOIIKOBOI AU(paKiii BU3HAYECHO KPHUCTAIIYHY
CTPYKTYpY YOTHPBOX HOBHX cmoiyk YisR;sNiAlGe, (R = Sm, Gd, Ho) ta Y3NigsC0psAlsGe;.
3’4COBaHO, IO CHONYKH € i30CTPYKTYPHMMH Ta IXHS KpHCTaJlidHA CTPYKTypa HaJEXUTh OO THITY
Y3NiAl;Ge, (cumBon ITipcona hP9, npocroposa rpyna P-62m), mo € BHOPSAKOBAHOK IMOXiTHOO
nporotuny Fe,P, ne koxxeH copT aToma 3aiiMae OAHY 3 YOTHUPbOX MPAaBWIBHUX CHCTEM TOUOK.
VY BUMaJKy CTPYKTypu KBiHADHHX CHOJIYK BHSIBICHO YTBOPEHHsS CTATHCTHYHHX CYMIilllell aToMiB,
30KpeMa, y CTpyKTypi cnonyk Y sRy sNiAlGe; (R = Sm, Gd, Ho) nonosxenns 3f npocroposoi rpymu
P-62m 3aitrsito atomamu Y Ta R, a B ctpykrypi crioiyku Y3NipsC0gsAl;Ge, monoxennst la 3aifHsaro
atromamu Nita Co.

Kniouosi cnosa: KBiHapHI CHONYKH, PIIKICHO3EMEIbHUI MeETaj, PEHTTCHIBChKa MOPOIIKOBA
JTudpakIis, KpECTaIidHa CTPYKTYpa.
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1. Beryn
IlepenymoBolo cHHTE3y HOBHX (pa3 — OCHOBM MarepialiB aIsd IPaKTUIHOTO
BUKOPUCTaHHS — € KOMIUIEKC EKCIEPUMEHTATbHNUX JIOCHI[DKEHb Jiarpam CTaHy,

MPENU3IMHOTO BU3HAYEHHS KPHUCTATIYHOI CTPYKTYpH, BHUMIpPIOBAHHS BIIACTUBOCTEH.
3aBIsSKHM YHIKQIFHUM BJIACTUBOCTSAM IHTEpMETANIYHI CIIOIYKH BXKE IIHPOKO 3aCTOCOBYIOTh
y Oarateox ramy3sx. Cepen HUX € i30JI1TOPH, HAIiBIPOBIAHWUKH Ta HaIIPOBIIHUKH,
CHOJIyKM 3 HU3BKUMH Ta JyXe BHCOKMMH TEMIIEpaTypaMu IIIaBJICHHs, IUIACTHYHI Ta
HaJTBEP/Ii MaTepiaiy, MarHiTH, KaTali3aTOpH.

Mera Hamoi mpami — CHHTE3 KBIHApHHX IHTEPMETANIIIB 31 CTPYKTYpOIO THITY
Y3NiAl;Ge, (BnopsiikoBana moxigna Fe;P, je koxen copt atoma 3aiimae 0J{Hy 3 YOTUPbOX
NPaBWIBHUX CHCTEM TOYOK mpoctopoBoi rpymu P-62m) y cucremax Y-R-Ni-Al-Ge
(R — pinkicHozemenbHuit Meran) ta Y-Ni—Co—Al-Ge. 3rimHo 3 0a3or0 nanux Pearson’s
Crystal Data [1], ms ctpykrypuux tumiB Fe,P [2] ta Y3NiAl;Ge; [3] Hemae Bimomocteit
PO iCHYBaHHSI KBIHAPHHX CIIOJIYK, TOAI SIK TETpapHUX IpeacTaBHUKIB € 53. Kpim Toro, y
nparsix [4, 5] moBimomieHO Mpo icHyBaHHS mie 15 130CTPYKTYpHHX TETpPapHUX CIOJNYK.
IlepeBaxxna OuTBIIICTP THX CHONYK (49) — me amoMorepMaHiAW pPiAKICHO3EMENbHUX
meraniB R3TAIGe, (R =Y, Sm, Gd-Lu, T = Mn, Fe, Co, Ni, Cu) (ta6s. 1). IToBHuUX psimiB
130CTPYKTYPHHX CIIOJNYK PiAKiCHO3EMENbHHX METaTiB HEMa€, OCKUIBPKH PiIKiCHO3eMeNbHi
Metanu La—Nd ta Eu He yTBOPIOIOTH i3 BUIIIEHaBEACHUMHE EPEXiTHIMH METaJIaMH CIIOIyK
31 crexiomerpiero 3:1:3:2.
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Tabauys 1
TerpapHi crionyku 3i ctpykryporo tuiy Y3zNiAlGe; [1, 4, 5]
Table 1
Quaternary compounds with the structure type YsNiAlGe, [1, 4, 5]

R|{Mg|Y |La|Ce|Pr|Nd|Sm|Eu|Gd|Th |Dy|Ho|Er |Tm|Yb|Lu| U
Cronyka
RsMnsGa,Si + + |+ |+ |+ |+ |+ +
RsMnAl;Ge, + + + |+ |+ |+ |+ |+ |+ |+
RsFeAl;Ge, + + + |+ |+ |+ |+ |+ |+ |+
R;CoAl;Ge, + + + |+ |+ |+ |+ |+ |+ |+
R3NiAl;Si, + + |+ |+ |+ |+ |+ +
RsNiAlGe, + + + |+ |+ |+ |+ |+ |+ |+
R;CuAl;Ge, + + |+ |+ |+ |+ |+ |+ |+
R3RU2COA|3 +
R3RU2NiA|3 +
R3AgA|35|2 +
R3AU|n3G€2 +

Iekcaronanmpuuit crpyktypruit Tan Y3NiAl;Ge; (Z = 1) € TerpapHrM BapiaHTOM
3amimienns GinapHoro tuny Fe,P (Z = 3) [2], B AKOMY KOXHE IMOJIOXKEHHS MTPOCTOPOBOI
rpymu P-62m 3aifHSATO aTOMaMy BHKJIFOYHO OJHOTO COpTy. Y Bumamky crnoiyk RsTAl;Ge,
ta YbsAuln;Ge, posmoxin aToMmiB 3a NpaBUIBHUMH CHCTEMaMH TOYOK BIJIOBIIA€E
CTPYKTYPHOMY THIy, TOHi sK y BHIamKy cronyk R3MngGa,Si ta UzRu,NiAl;
TIPOCTEKYETHCS JIENMO {HIIMA po3moin atoMiB d- Ta p-ememenTiB (Tabiu. 2). Y BHNAIKY
I’ ITHKOMITOHEHTHUX CHCTEM aTOMH MPHUHAWMHI JJBOX KOMITOHEHTIB IOBHHHI Iepe0yBaTu y
CTaTHUCTHIII.

Tabauys 2
Po3noain aroMiB 3a npaBuibHIME cucteMamu To490K (ITICT) npocroposoi rpymu P-62m
B I30CTPYKTYPHHX CHOJIyKax

Table 2
Distribution of the atoms on different Wyckoff positions (WP) of space group P-62m
in isotypic compounds
oN ) ~ N o) = &' o]
& @ 8 ) < % i <
= [0} ) — = < c =
TICT < g Py < s 2 S S
z = ) Z %, 5 < &
> & of o > = p= >
3g Al Mn Al Al Al Al In Al
3f Y R R R U Mg Yb U
2d Ge Ga Ge Si Ru Si Ge Ru
la Ni Si T Ni T Ag Au T

2. MaTepiajin Ta METOAUKA eKCIIEPUMEHTY

Jis mpoBemeHHS IOCHTIMHKEHHS CHHTE30BaHO crmiaBum Macoo 1,0 T ckiamiB
Y16,7R16'7NillylA|33’3G922,2 (R = Sm, Gd, HO) Ta Y33,3Ni5y6CO5y6AI33’3G922,2 CIUIABJISTHHSIM
YHCTHX METANB (BMICT OCHOBHOrO KoMIoHeHTa (Mac.%): Y > 99,76, Sm > 99,83, Gd >
99,82, Ho > 99,83, Co > 99,99, Ni> 99,99, Al > 99,998, Ge > 99,999) B atmocdepi aprony
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Ha BOJIOOXOJIOKYBAHOMY MiTHOMY TIOAi €NIEKTPOYroBOi Tedi, OCHAIIEHOI BOIh(PaMOBIM
neKTpomoM. s OumMIIeHHS aproHy SK TeTep BHKOPHCTAaHO MOpHCTHA TuTaH. [licms
CIUTABIISIHHA 3pa3Ky IEPEeBIpEeHO Ha BTpaTy MacH, ska He nepesunryBana | %. Cmmasu
TOMOTEHI30BaHO Yy BaKyyMOBaHMX KBaploBux ammyinax npu 600 °C BOpoJOBXK OJHOTO
MiCsI, MiCIsg  YOro  3arapToBaHO Y  XOJOAHIA  Bomi. 3a  JIOTIOMOTOIO
PEHTIeHO(ITyOPECIIEHTHOI CHEKTPOCKOMii BH3HAUYEHO €JNIEMEHTHHH CKJIax 3pasKiB Ha
cnektpomerpi ElvaX Pro. MacuBu andpakiiiiHuX AaHUX BiJl MOJTIKPUCTAIYHUX 3Pa3KiB
orpumaHo Ha audpakromerpax JPOH-2.0M (mpominus Fe Ka) ta STOE Stadi P
(mpominns Cu Kay). YTOUYHEHHS KPHCTANIYHOI CTPYKTYpU BUKOHAHO METOJOM PiTBenbna 3
BuKopHucTanHsM mnporpamu DBWS [6]. [lna rpadignoro 300pakeHHS CTPYKTypH Ta
KOOpPJMHA[ITHUX MHOTOIPAHHUKIB aTOMIB BHKOpHCTaHO nporpamy ATOMS [7].

3. Pe3yabTaTu g0cCaiasKeHb Ta iX 00roBopeHHs

Cunre3oBani cmiaBu  Yi57R167Nig1Al33Ge2, (R = Sm, Gd, Ho) Ta
Y333Nis 6C05 6Al333Ge,, € omHodasHuMU Ta MicTaATh cnonyku YisRisNiAl;Ge, Ta
Y3NipsC00sAlsGe,, BimnmopinHo. KpurcramiuHa cTpykTypa KBIHADHHX (a3 HAICKHTb 0
iy Y3NiAl;Ge,. Ha ocHOBI peHTreHiBChbKUX MUMPaKIiHHUX AaHUX AT IUX CIHOIYK
BU3HAYEHO KpucTanorpadiuni mapamerpu. Y Bumanaky crmonyk YisRisNiAlz;Ge, (R = Sm,
Gd, Ho) aroMu pigkicHO3EMENbHIX METaliB YTBOPIOIOTH CTATUCTHYHY CYMIIIl 1 3aiiMarOTh
npaBUiIbHy crucreMy Todok 3f mpocroposoi rpymu P-62m, 1o BiamoBimae monokeHHIO
aroMiB Y y mpototuri, Toai sk y Bumaaky cnonyku Y3NigsC0gsAlsGe, atomu Ni ta Co,
nepeOyBaroud y CTATHCTUYHIM CyMilli, 3aiMaroTh MIPaBIIIbHY CHCTEMY TOYOK la, mio
BiJINIOBi 1a€ TTOJIOKEeHHIO aToMiB Ni y mporoturi. B 000X BUImagkax CIiBBiIHOIIIEHHS aTOMIB
y CTaTHCTHUHiM cymimn craHoBuTh ~1:1. Jlms 3paskiB Yig7HO17Nirg 1Alz33Ge0, Ta
Y333Nis6C056Alz33G€,  MpoBemeHO  SKICHHM  €TeMEHTHHH  aHali3  METOIOM
PEHTTEHO(ITyOPECIIEHTHOI CIIEKTPOCKOMii B PEXHWMI BaXKHX aTOMiB (MaKCHMYMIB, IIIO
BI/MOBIalOTh aTOMaM JIETKUX eleMeHTiB, 30kpema Al, Hemae). Ha cmektpi cruiaBy
Y 16 7HO16 7Ni11 1Al33 3Ge27 » € MakcMymH, 1110 BiamoBinaroTs aromam Y, Ho, Ni ta Ge, a Ha
criekTpi craBy Yz sNis 6C0s 6Alsz 3Ge2, » — atomam Y, Ni, Co ta Ge (puc. 1).

VY rtabin. 3 HaBe#eHO MapaMeTpH eNEMEHTAPHUX KOMIpPOK CHHTE30BaHHX KBiHAPHHX
a3, ski 700pe KOpENIITh 3 MapaMeTpaMH eIeMEHTAapHUX KOMIPOK BiJITOBIJHUX
TETPAapHHUX CHOJYK, IO CBiJYHTh IPO YTBOPEHHS HENEPEPBHUX PAMIB TBEPIUX PO3UYHHIB
MK TETpapHHMH CIONYyKaMH. 3MiHAa MapaMeTpiB €IEMEHTapHHX KOMIPOK HEMepepBHUX
psiniB TBepaux po3urHiB Y3 4RWNiIAl;Ge, (R =Y, Sm, Gd, Ho; x = 0-3) ta YNi;,Co,Al;Ge,
(X = 0-1) y3romkyeTbest 3 po3mipamu atomis: Iy = 1,78, rsm = 1,81, rgq = 1,79, rye = 1,79,
rvi = 1,24, reo = 1,25 A [10]. V Bumaaky 3amiau atomiB Y Ha atomu Sm, Gd ta Ho
HPOCTEXYEMO 3MiHY 00’ €My elleMeHTapHOI KOMipkH Ha 4,5, 2,2 ta 1,7 %, BinnoBinHo, TOA
SK y BUNAAKy 3aminu aroMiB Ni Ha aromu Co 00’e€M elneMeHTapHOi KOMIPKH 3MIHIOETHCS
numre Ha 0,5 %.

ExcrniepuMeHTalIbHI YMOBH OZIepXKaHHs MacUBIB JU(PAKIIHHUX AaHUX 1 pe3yJabTaTH
YTOYHEHHsI KPUCTAIIYHOI CTPYKTYpH KBiHapHuX crionyk YisR;sNiAl;Ge, (R = Sm, Gd,
Ho) Tta Y3NigsCoosAlsGe, HaBemeHo B Tabi. 4. YpaxoBYIOUHM pi3HY pO3CIFOBaIbHY
3aatHicTs aroMiB Y Ta R (Sm, Gd, Ho), mu yrounumm koedirienTn 3amoBHeHHs mo3uiii 3f
npoctopoBoi rpymu  P-62m, siky 3aiiMaroTh Il aToMH, Ta 3’ACYBIM, M0 IXHE
CHIBBITHOMICHHSI CTaHOBHUTH npubim3Ho 50:50, mo # BigmoOBigae CKIaxy CHHTE30BaHUX
3paskiB. Y Tabil. 5 HaBeJEeHO Mi>KaTOMHI Biftaii B CTpyKTypi cronyk Y1 sHO; sNiAl;Ge, ta
Y3Nig5C0gsAl3Gey, siKi T00pe Y3ToKYIOTHCS 31 CYMOIO pajiiyciB Biamosigaux atomis [10],
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a Ha puc. 2 300paKeHO EeKCIIEPUMEHTAIbHY, PO3PaxOBaHy Ta Pi3HHUIIEBY AU(PaKTOTpaMH
X 3pa3KiB.
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Puc. 1. PentreHoduyopecrieHTHI cnekTpH ciuiaBiB Yig7H016 7Nigg 1Als3 3Ge02 (a)
) Ta Y33 3Ni5 6C056Al333GE22,2 (6) )
Fig. 1. X-ray fluorescence spectra of the alloys Y157H0167Niz; 1Alz33G€s,5 (@)
and Y33 3NissC0s56Al333Ge2 5 (0)

Tabauys 3
IMapameTpu eneMeHTapHHX KOMipok crionyk YisR; sNiAlsGe,, Y3NipsC0osAlGe;
ta R3TALGe; (R=Y, Sm, Gd, Ho; T = Ni, Co)

Table 3
Cell parameters of the compounds Y1 sR; sNiAlGey, Y3NigsC0psAlGe,
and R3TALGe; (R=Y, Sm, Gd, Ho; T = Ni, Co)

Crnonyka a, A c, A Vv, A3 Jlireparypa
Y;NiAl;Ge, 6,9481 4,1565 173,78 [3]
Y;3NiAlLGe, 6,9363 4,1650 173,54 [8]

Y155m; sNiALGe, 6,99926(7) 4,20329(7) 177,99(1)
SmsNiAlGe; 7,0299 4,2366 181,32 [8]
Y15Gd; sNiALGe, 6,96361(5) 4,18485(7) 175,74(1)
Gd3NiAl;Ge, 6,9807 4,20257 177,35 [8]
Y, sHo; sNiALGe, 6,91184(6) 4,15786(4) 170,02(1)
HosNiAlGe, 6,8924 4,1445 170,51 [8]
Y3Nig5C0o5AlGe; 6,92398(7) 4,16495(4) 172,92(3)
Y;CoAlGe, 6,91969 4,16534 172,724 [9]
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Tabauys 4
ExcriepuMmenTanbHi yMOBH OJiepKaHHSA MacuBiB JU(PPaKIIHHIX TaHUX 1 pe3yIbTaTH YTOUHEHHS
KPUCTAJIIYHOT CTPYKTYPH CIOMyK 3i cTpykTypoto triy Y3NiAl;Ge, (mpocroposa rpyma P-62m,

RB3f:x00,NiB1a:000,AlB39:x0%,SiB2d: 5% Y%, Z=1)
Table 4
Experimental conditions for obtaining X-ray diffraction powder patterns and results of the structural
refinement of compounds with Y3;NiAl;Ge,-type structure (space group P-62m,
Rin 3f:x00,Niin1a: 000, Alin3g: x 0%, Siin2d: %% %,Z=1)

Crionyka lessml,SX Yl.,SGdl,SX Yl.,SHol,SX Y3Nig 5%
N|A|3GEZ NlAlgGEz NlAlaG@z C00,5A|3G82
IMapamerpu exemeHTapHOT a,A 6,99926(7) | 6,96361(5) |6,91184(6) | 6,92398(7)
KOMIpKH c, A 4,20329(7) | 4,18485(7) |4,15786(4) | 4,16495(4)
06’em komipxu V, A® 177,99(1) | 175,74(1) | 170,02(1) | 172,92(3)
I'yctuna Dy, rems 5,939 6,270 6,428 5,298
JudpakromeTp, IpOMiHHS STOE Stadi P, Cu Kay
Mertox ckaHyBaHHS, iHTEepBad 26, ° 60120, 6-110,61
Kpok ckanyBaHHs1, ° 0,015
Yac ckaHyBaHHS B TOYLI, C 250
HynboBe 3nauenns 26, ° 0,013(1) 0,002(1) | 0,0016(6) | —0,0040(6)
IMapameTpu MUPHUHH TTKiB U 0,059(5) 0,067(4) 0,032(2) 0,034(2)
\ —0,002(4) | —0,019(4) | 0,003(2) | —0,002(2)
w 0,0121(9) | 0,0153(8) | 0,0103(4) | 0,0083(4)
IMapameTp 3MilyBaHHS 0,621(8) 0,573(7) 0,525(4) 0,581(5)
[Mapamerp acumeTpii mikiB Cpy -0,273(6) | —0,121(7) | -0,091(4) | —0,057(6)
IMapamerp texctypu G [001] 0,898(2) 0,888(1) 0,901(1) 0,890(1)
KinpkicTb BinOUTH 67 67 75 66
KinbKicTh yTOYHEHNX MapamMeTpiB 17 17 17 16
Koopauaatu atoMHEIX x(R) 0,5954(1) | 0,5957(2) | 0,5944(1) | 0,5955(1)
T0JIO’KEHB X(Al) 0,2288(7) | 0,2263(8) | 0,2286(5) | 0,2284(5)
[30TpomHi mapameTpu Bi,o(R) 1,10(4) 1,08(3) 1,05(2) 1,19(4)
smimmenns, A2 Bio(T) | 1,17(7) 1,14(7) 1,03(6) 1,22(6)

Bio(Al) | 1,27(8) 118(5) | 1.23(6) | 141(7)
Buo(Ge) | 1,02(6) 097(5) | 093(4) | 1,09(5)

KoeoitienTn 3anoBHeHHs Y 0,53(1) 0,48(1) 0,50(1) 1

no3uii 3f R 0,47(1) 0,52(1) 0,50(1) -

dakTopu 10CTOBIPHOCTI Rg 0,0602 0,0627 0,0557 0,0589
Rp 0,0252 0,0203 0,0314 0,0325
Rup 0,0339 0,0261 0,0397 0,0424

Crpyktypruit tan Y3NiAl;Ge, HanexuTp A0 KIacy CTPYKTYp i3 TPHIOHAIBHO-
NPU3MATHYHUM OTOYCHHSM aroMmiB MmeHmoro posmipy (Ni Ta Ge); aromu Ni HeHTpYIOTh
npusmu cknany Alg, Tomi sk atomu Ge — mpusmu ckiany Ys. Cepell ceMu CTPYKTYpHUX
THIIIB (C92C0A|7Ge4, SmN|A|4Gez CezNiA|5y77Gezys4, szNiA|4Gez, Y3NiA|3Gez,
Pr(Nig 2Alg 5Geg 3)2, ErsNisAl;Gey [1]), 110 mputaManHi TeTpapHUM amroMorepManigam f- ta
d-meranis, € e mBa crpyktypHi tumm, ErsNizAlsGey [11] ta Pr(Nig,AlysGeo3), [12], sxi
TaKOXX XapaKTePU3YIOTHCS TPUTOHAIBHO-MPU3MATHYHOI KOOPAWHAIIEI0 aTOMIB MEHIIOTO

po3mipy.
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Puc. 2. ExciepuMeHTajbHa, po3paxoBaHa Ta pi3HUIEeBa Ju(paKTOrpaMu 3pasKis

Y16,7H016 7Ni111Al333G€22,2 (@) T Y333Nis C0s5 5Al33 3G 2 (6) (Mpominmsa Cu Kay)
Fig. 2. Observed, calculated and difference X-ray diffraction powder patterns for the samples

Y16.7H0167Ni11 1Al333Ge2 2 (&) and Y333Nis 6C05 6Alz3 3Ge2, 2 (b) (Cu Koy radiation)

VY punaaky BroopsakoBaHoi cTpykTypu Ttuny ErsNizAl;Ge, (mpoctoposa
rpyma Pmmn) numie oxHe i3 1BOX moiokeHb aToMiB Ni 2b Ta o0HIBa MMOJOXKEHHs aTOMiB
Ge 4e onwmcaHi TPUTOHATHLHO-TIPU3MATHYHOK KOOPJMHAIIEI0 aTOMIB. AHAJIOTIYHO, SK i B
ctpyktypi Y3NiAl;Ge,, atomu Ni posraiioBaHi B TPUTOHATBHUX TPH3MaX, MOOYIOBAHUX
BUKJIFOYHO 13 aTOMIB aJIOMiHi0, TPOTE y BUIAJKy aroMiB Ge MPU3MHU MArOTh Pi3HI CKIaJIH:
Er;Ni, (Gel) Ta Erg (Ge2).
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VYV Bunaaky ueBmopsimkoBaHoi crpykrypu Tumy Pr(Nig,AlgsGegs), (mpocroposa
rpyma Cmm2) atomu Ni, Al ta Ge popmyrots crartuctiuny cymim (M), 3aiimarots ogHe
MOJIOKEHHS 4e Ta IEHTPYIOTh TPUTOHAIBHI TPU3MH CKIIamy Pre.

3aramom crpyktypu  Y3NiAl;Ge, ta ErsNizAl;Ge, MoxHa posrmsimaté sk
TPUBUMIPHUH KapKac 13 HECKIHYEHHHX KOJIOH TPUTOHAIBHUX TpU3M CKiIagy Y
(Y3NiAl;Ge,) ta ErgNi; i Erg (ErsNisAl;Gey), yrBopeHnX 3a 1OIOMOTOI0 CITIIBHUX OCHOB,
K1 3B’s13aHI Mk COO0I0 peOpaMHu il YyTBOPIOIOTh T'€KCaroHajbHi Kijbls. Y KaHajlaX IbOro
KapKacy pO3MIlIeH] i30JIbOBaHi KOJIOHH, YTBOPEHI 3a JIOMOMOrOI0 3’€JHaHMX OCHOBaMU
TPUTOHAIBHUX NPU3M ckiany Alg (puc. 3).

Puc. 3. Kapkac i3 rekcaroHaJIbHIMH KaHaJIaMH, YTBOPEHHMH TPUTOHAILHAMH IIPH3MaMH CKJIany Yg
y crpykrypi Y3NiAlzGe;, (@) Ta ckianis EryNi; i Erg y ctpykrypi ErsNisAlsGey (6),
LEHTpOoBaHUX aToMaMu Ge, BCepeAnHi IKHX PO3MIIIEH] 130JIb0BaH1 KOJIOHH MPU3M ckiany Alg,
neHTpoBaHi aromaMu Ni
Fig. 3. Framework of hexagonal channels constructed from interconnected trigonal Ge-centered
prisms of composition Yg in the structure YsNiAl;Ge; (@)
and compositions EryNi, and Erg in the structure ErsNisAlsGe4 (b), inside which the isolated columns
of trigonal Ni-centered prisms Alg are placed
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Tabauys 5
MbxartoMHi Binaii y ctpykrypi cronyk Y sH0; sNiAl;Ge; ta Y3Nip 5C0psALGe;
Table 5
Interatomic distances in the structure of the compounds Y; sHo; sNiAl;Ge, and Y3NigsC0og sAl;Ge,
Y1V5H01,5NiA|';GEz Y3Ni0,5COO,5A|';GEZ
ATtomu 0, A ATtomu 0, A
R —1Ni 2,8034(4) Y =17 2,8014(5)
—-4Ge 2,9544(2) —-4Ge 2,9610(2)
—4 Al 3,2013(5) —4 Al 3,2024(2)
—2Al 3,2733(4) —2Al 3,2854(4)
-4R 3,6360(2) -4Y 3,6461(2)
Ni -6 Al 2,6112(1) T -6 Al 2,6149(2)
-3R 2,8034(4) -3Y 2,8014(5)
Al —2Ni 2,6112(1) Al -2T 2,6149(2)
-2 Al 2,7367(4) -2Al 2,7391(5)
-2Ge 2,7382(4) -2Ge 2,7440(6)
—-4R 3,2013(5) -4Y 3,2024(2)
-2R 3,2733(4) -2Y 3,2854(4)
Ge -3Al 2,7382(4) Ge -3Al 2,7440(6)
-6R 2,9544(2) -6Y 2,9610(2)

VYV  Bumaaky crtpykrypu Pr(Nig,AlgsGegs),, fka € poMOIYHOK MOXIiIHOH
ctpykrypHOoro tumy AlB,, IpOCTip MOBHICTIO BHKJIJACHUH TPUTOHATBHIUMH NpH3MaMu Prg

(puc. 4).

Puc. 4. Vknaaka tpuroHansHux npusm y ctpykrypi Pr(Nig Al sGeg ),
Fig. 4. Arrangement of trigonal prisms in the structure Pr(Nig AlgsGeg3),

4. BUCHOBKH

BusinieHo yTBopeHHs kBiHapHUX (a3 3i cTpykryporo tuny Y3NiAl;Ge, y cuctemax
Y-R—Ni-Al-Ge (R = Sm, Gd, Ho) ta Y-Ni-Co-Al-Ge. V Bumamky CrHoiyk
Y15R15NiAl3Ge, (R = Sm, Gd, Ho) nomoxenns 3f mpoctopoBoi rpymu P-62m 3aitHsto
aToMaMu Y Ta PiJKiCHO3eMEIbHOTO MEeTaly Y CIiBBiHOIIEHHI ~1:1, a y BHIIQIKy CIIOIYKH
Y3NipsC0gsAlsGe; cratrctuunoro cymimio atomi Ni ta Co 3aiinato monoxkeHHs la.
YTBOpeHHs KBIHAPHUX CIOJIYK 31 CTpykTyporo Tumy Y3NiAl;Ge,, mo nmpuramMaHHa Takox
TETPapHUM CIIOJIyKaM, CBIIYMTh NP0 ICHYBaHHS HENEPEPBHUX TBEPIUX PO3YHHIB
Y3 RWNiAlGe, (R = Y, Sm, Gd, Ho; x = 0-3) ta YNiy,Co,Al;Ge, (x = 0-1) mix
BiJIIOBiTHUMH TETPAPHUMH CIIOTYKAMHU.
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5. Hopska

ABTOpH BAAYHI TPOBITHOMY HaykoBoMy cmiBpoOiTHHKY I 1O. Jlemuenky
(MixdakynpTeTchka HayKOBO-HaBYaJIbHA J1a0OPATOpPis PEHTTEHOCTPYKTYPHOTO aHaTi3y
JIbBIBCHKOTO HalliOHATBHOTO YHIBEpCUTETY iMeHi [Bana dpaHka) 3a 1OIOMOTY B OTPUMaHHi
eKCIepUMEHTAIbHUX MacHBiB AU(PaKTOrpaM OKPEMHUX CIIJIaBiB.
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PHASES WITH THE STRUCTURE TYPE Fe,P IN QUINARY SYSTEMS
N. Semuso, S. Pukas’, Ya. Tokaychuk, R. Gladyshevskii

Ivan Franko National University of Lviv,
Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine
e-mail: svitlana.pukas@Inu.edu.ua

A search for quinary alumogermanides was carried out in the systems Y-R—Ni-Al-Ge and
Y-Ni-Co—Al-Ge. Four alloys of nominal compositions Yi¢7R167Nij1.1Al33Gex, (R = Sm, Gd, Ho)
and Yz33Nis §C05 sAls3 3Ge22, Were synthesized from high-purity metals by arc-melting and annealed
at 600 °C for one month. Phase and structural analyses were performed based on X-ray powder
diffraction data. The structural parameters were refined by the Rietveld method.

All of the alloys appeared to be single-phase. The existence of four new compounds was
established Y;sR;sNiAl;Ge, (R = Sm, Gd, Ho) and Y3NipsCoosAl;Ge,. These compounds are
isotypic and their crystal structures belong to the type Y3NiAl;Ge; (Pearson symbol hP9, space group
P-62m), which is an ordered derivative of the basic type Fe,P, where each chemical element occupies
one of the four atom sites. In the structure of the new compounds the simultaneous presence of two
f-elements at the ratio Y:R ~ 1:1, in the case of the Y;sR;sNiAlGe; (R = Sm, Gd, Ho) compounds,
and of two d-elements at the ratio Ni:Co = 1:1, in the case of the Y3NipsCoqsAl;Ge, compound, was
confirmed by X-ray fluorescence spectroscopy. The atoms of the f-elements form statistic mixtures
and occupy the site in Wyckoff position 3f, whereas the Ni and Co atoms statistically occupy
Wyckoff position 1a.

As expected, the cell parameters of Y;sR;sNiALGe, (R = Sm, Gd, Ho) decrease with
decreasing radius of the rare-earth metal, from Sm to Gd and Ho, and are in good agreement with the
cell parameters of the corresponding quaternary compounds. The cell parameters of
Y3Nig5CoosAlsGe, do not differ significantly from those of the quaternary compounds Y3;NiAl;Ge,
and Y3CoAl;Ge,. The observation of Fe,P-type phases in the quinary systems indicates the existence
of continuous solid solutions of Y3,RyNiAlGe; (R =Y, Sm, Gd, Ho; x = 0-3) and YNi;,Co,Al:Ge,
(x = 0-1) between the quaternary compounds.

The hexagonal structure type Y3NiAlz;Ge, belongs to a family of structures with trigonal
prismatic coordination of the small atoms (Ni and Ge). The Ni atoms center Alg prisms and the Ge
atoms are at the centers of Yg prisms. Among the seven structure types (Ce,CoAl;Ge;, SmMNiAl,Ge,
Ce;NiAls 77Ges g4, ThoNiAILGe;, Y3NiALGe,, Pr(Nig2AlgsGeg )z, ErsNizAlsGe,) that are adopted by
quaternary alumogermanides with f- and d-metals, two others, ErsNizAl;Ge, and Pr(Nig2Aly sGeg 3)2,
are also characterized by trigonal prismatic coordination of the smaller atoms.

In the structure of Y3NiAl;Ge, the Ge-centered trigonal prisms form infinite columns running
along the crystallographic direction c, and in the ab plane each prism is connected to two other prisms
via common edges. Hexagonal channels appear in the framework, in which isolated columns of Ni-
centered trigonal prisms are located. Similar structural features and hexagonal channels are also
present in the structure of ErsNizAl;Gey, but in this case the prisms centered by Ge have two different
compositions, Erg and ErgNi,. In the structure Pr(Nig,AlysGegs),, which is an orthorhombic
derivative of the AlB, structure type, the space is completely filled by trigonal Prg prisms, centered by
a statistic mixture of Ni, Al and Ge atoms.

Keywords: quinary compounds, rare-earth metal, X-ray powder diffraction, crystal structure.
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